Background: Evidence for non-steroidal anti-inflammatory drugs (NSAIDs) preventing head and neck cancer (HNC) is inconclusive; however, there is some suggestion that aspirin may exert a protective effect.
Over 600 000 cases of head and neck cancer (HNC) occur annually (Freedman et al, 2007) . Primary risk factors include tobacco use and excessive alcohol consumption (WHO, 2009) . Head and neck cancer is associated with high levels of morbidity and mortality (Jayaprakask et al, 2006) .
Several studies have shown non-steroidal anti-inflammatory drugs (NSAIDs) to reduce cancer risk (Rothwell et al, 2010 , Bosetti et al, 2012 . A systematic review by our group investigated the association between NSAID use and HNC (Wilson et al, 2011) . Five studies met the inclusion criteria but each had significant limitations, including small sample size, lack of information on over-the-counter NSAID use and important confounding factors (Bosetti et al, 2003; Friis et al, 2003 Friis et al, , 2006 . Two studies indicated a protective effect of aspirin on HNC risk (Bosetti et al, 2003; Jayaprakash et al, 2006) .
An upregulation of the expression of the inducible, inflammatory cyclo-oxygenase enzyme (COX-2) has been observed in many cancers, including HNC, and premalignant head and neck lesions (Mohan and Epstein, 2003; Altorki et al, 2004) . It is thought NSAIDs may prevent cancer development by inhibiting COX-2 and the downstream biological pathways implicated in carcinogenesis (Liao et al, 2007) ; other COX-2 independent pathways have also been suggested (Hwang et al, 2002 : Kashfi, Ragas, 2005 .
Using data from the National Cancer Institute Prostate, Lung, Colorectal and Ovarian Cancer (PLCO) randomised controlled screening trial a large scale prospective investigation of the effect of aspirin and ibuprofen on HNC risk was undertaken.
MATERIALS AND METHODS
The PLCO trial design is described in detail elsewhere (Prorok et al, 2000) . Between November 1993 and September 2001, almost 155 000 participants aged 55-74 years were recruited from ten US screening centres and randomly assigned to an intervention arm (screened for colorectal, lung, and ovarian or prostate cancer) or usual care arm. Over 99% of participants were followed up annually for cancer diagnosis and death. Cancer confirmation was ascertained from diagnostic information.
This investigation includes cases from both arms of the PLCO trial with no previous cancer history who completed the baseline questionnaire and provided information on aspirin and ibuprofen use. Participants were followed from enrolment to 31 December 2006.
Cases were defined as individuals diagnosed with a primary HNC at least 1 year after completion of the baseline questionnaire. Head and neck cancer sites comprised International Classification of Disease for Oncology version-2 topography codes C00.0-C14.8 and C30.0-C32.9. Lip cancers were excluded as the primary aetiology (exposure to UV light) was considered dissimilar to that of other included cancer sites.
Information on demographic characteristics, medical history, aspirin or ibuprofen use, anthropometric measures, and lifestyle was collected at baseline using a comprehensive self-completed questionnaire. Aspirin and ibuprofen use elicited a yes/no response to the following questions: during the last 12 months have you regularly used 'aspirin or aspirin-containing products such as Bayer, Bufferin, or Anacin', or 'ibuprofen containing products such as Advil, Nuprin or Motrin'. Regular use was not defined. Self-reported frequency of use was measured by the number of tablets usually taken: 1 per day, X2 per day; 1 per week, 2 per week, 3-4 per week;o2 per month, 2-3 per month, this was further categorised into daily and weekly/monthly use. Further information on frequency of use and dose usually taken (aspirin use only), was available in a supplementary questionnaire (SQX) completed between 2006 and 2007. Current body mass index (BMI) was calculated and categorised according to the World Health Organisation classification. Current smoking status was defined as never or ever use. Maximum cigarette pack years were calculated and categorised into quartiles. Self-reported alcohol consumption in the 12 months preceding interview was obtained at baseline for individuals in the screening arm.
Analysis. Using Cox proportional hazard modelling unadjusted and multi-variable adjusted hazard ratios (AHR) and 95% confidence intervals (CI) for HNC risk were estimated. Participants were censored at the earliest of HNC diagnosis, death or 31 December 2006. Biologically plausible confounding variables were initially included in the model and excluded if P-values were 40.10. The possibility of aspirin users also using ibuprofen, and vice versa, was included as a possible confounder in the respective models. Body mass index values o12 and 460 kg m À 2 were excluded from the model as possible outliers using listwise deletion.
A subanalysis using participants with information on alcohol use was conducted. Adjusted hazard ratios were calculated with, and without, alcohol as a covariate to establish if alcohol use altered the risk estimate. Tests for interactions between aspirin/ ibuprofen use and smoking status and alcohol use were conducted. The effect of aspirin use on HNC risk was assessed by increasing alcohol use within those individuals in the screening arm who had information on alcohol use. Using available histological data a restricted analysis was conducted using only squamous cell carcinoma (SCC) HNCs.
Statistical analyses were conducted using STATA, version 11 (StataCorp, College Station, TX, USA). Tests of statistical significance were two-sided. P-values o0.05 were considered statistically significant.
RESULTS
After initial exclusions, 142 034 individuals remained eligible for analysis. The mean follow-up time was B9 years (range 0-13.1 years), with a total person years of follow-up of 1 276 115 years. During follow-up, 316 individuals had a confirmed HNC. Cohort characteristics are shown in Table 1 .
At baseline, 49.2% and 29.6% of participants reported regular aspirin and ibuprofen use, respectively. The later SQX provided an indication of aspirin strength; most non-HNC cases reporting daily usage in both questionnaires were taking low dose (81 mg) aspirin. Those reporting weekly/monthly use in the SQX tended to take higher doses (325 mg). A shift to increased frequency of use, particularly by those reporting weekly/monthly uses was also observed. Unadjusted and multi-variable adjusted HRs for aspirin and ibuprofen use and HNC risk are shown in Table 2 . After adjusting for possible confounders, a decreased risk of HNC was observed with regular aspirin use (AHR 0.78, 95% CI 0.62-0.98). A significant reduction of HNC risk was observed between weekly and monthly aspirin use; daily aspirin use was not significantly associated with a reduced HNC risk, Table 2 . No association was observed between ibuprofen use and HNC. When analyses were restricted SCC sites estimates for regular aspirin and ibuprofen use were similar to all HNCs (AHR 0.72, 95% CI 0.56-0.93; AHR 0.96, 95% CI 0.71-1.29, respectively).
The subtype specific analyses showed a significant protective association between aspirin use and laryngeal cancer (AHR 0.67, 95% CI 0.45-0.99). An inverse, but non-significant, association between aspirin use and cancers of the oropharynx, and 'other sites combined' was observed (Supplementary Data, Table 1 ).
Including alcohol use as a possible confounder, the AHRs did not alter for aspirin or ibuprofen use. A significant interaction (P ¼ 0.004) between alcohol and aspirin was observed. Stratification by increasing alcohol use revealed an increasing reduction in HNC risk in aspirin users compared with non-users. No protective association was observed in non-alcohol users (Table 3) . No interaction between aspirin/ibuprofen use and tobacco use was evident.
DISCUSSION
Consistent with other studies (Bosetti et al, 2003; Jayaprakash et al, 2006; Ahmadi et al, 2010) , we report a significant reduction in HNC risk with aspirin use, with the strongest protective effect for laryngeal cancers. No association was observed between HNC and ibuprofen use.
No association with ibuprofen use was observed. Compared with aspirin use, ibuprofen use was more infrequent and taken by proportionately fewer individuals; the reduction in power may, therefore, explain the lack of association. In addition, our analysis revealed a slight, non-significant, reduction in HNC risk with increased frequency of ibuprofen use, suggesting a possible causal effect. Alternatively, aspirin may exert different COX-2 independent effects on reducing cancer compared with ibuprofen (Elwood et al, 2009) . A greater reduction in HNC risk was observed with weekly/monthly aspirin use than daily use. The later SQX indicated an increase in dosage and frequency of use among weekly/monthly aspirin users, which may explain the absence of a protective trend with increased frequency of use.
There was a near negligible difference between risk estimates with alcohol included in the model. Cohort alcohol intake was relatively low, possibly explaining the lack of effect on the HRs. Interaction analyses suggested that alcohol may be modifying the effect of aspirin use on HNC risk. A subanalysis in individuals with information on alcohol use revealed an increasing reduction in HNC risk, albeit non-significant, with aspirin use among participants with increasing alcohol use. The exact mechanism by which this may be occurring is uncertain. Ethanol found in alcohol has been reported to act as a local irritant (Llewellyn et al, 2001) potentially leading to localised inflammation, which may possibly explain the observed reduction in HNC in aspirin users who consume alcohol. Previous studies have not reported alcohol as a possible effect modifier, further investigation is merited. The site-specific analysis observed a significant protective effect with aspirin use and laryngeal cancer. The AHR was reduced for cancers of the oropharynx; however, the association was not significant (AHR 0.70 95% CI 0.41-1.19), possibly due to the small numbers involved. Jayaprakash et al (2006) observed a similar reduction in oropharyngeal cancer risk with aspirin use. The majority of oropharyngeal sites have been described as human papillomavirus (HPV)-related (Ramqvist and Dalianis, 2010) . There is some evidence to suggest an upregulation of COX-2 in HPV-infected tissues (Subbaramiah and Dannenberg, 2007) .
Strengths of this study include the ability to control for important confounders, specifically tobacco use. Follow-up time was fairly long; follow-up exceeded 99%. The study was limited by the lack of complete information on alcohol use, with information only available in the screening arm. However, there was little difference between participant characteristics within the two study arms and adjustment for alcohol had no effect on the point estimates. Dosage was from a later questionnaire and could only provide an indication of possible dosage.
This study supports the view that aspirin may have potential as a chemopreventive agent for HNC. There was little evidence to suggest that ibuprofen use was associated with reduced HNC risk. Further studies are required, in particular, those examining the strength and duration of aspirin use that may be required to exert a protective effect.
